Benchmarking of Expenditures and Practices of Maintenance and Operation (BEXPRAC)  by Egger, Michel
 Procedia - Social and Behavioral Sciences  48 ( 2012 )  1733 – 1742 
1877-0428 © 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of the Programme Committee of the Transport Research 
Arena 2012 
doi: 10.1016/j.sbspro.2012.06.1148 
7UDQVSRUW5HVHDUFK$UHQD±(XURSH
%HQFKPDUNLQJRIH[SHQGLWXUHVDQGSUDFWLFHVRIPDLQWHQDQFH
DQGRSHUDWLRQ%(;35$&
0LFKHO(**(5
&('5&RQIHUHQFHRI(XURSHDQ'LUHFWRUVRI5RDGV
/D*UDQG$UFKH3DULV/D'pIHQVH)UDQFH



$EVWUDFW
7KH1DWLRQDO5RDG$XWKRULWLHV15$VRI(XURSHDQODXQFKHGWKH%(;35$&VXUYH\LQDQHIIRUWWR
EHQFKPDUNWKHSHUIRUPDQFHRIWKHLUPDLQWHQDQFHDQGRSHUDWLRQSROLFLHV
7KHVWXG\ZDVVSOLWLQWRWZRPRGXOHV
$ 7KHPDFURVFRSLFRUPDFURPRGXOHZLWKDWRSGRZQDSSURDFK
% 7KHPLFURVFRSLFRUPLFURPRGXOHZLWKDERWWRPXSDSSURDFK
&('5QRZKDV DW LWV GLVSRVDO D VLJQLILFDQW LQWHUQDWLRQDO GDWDEDVHRI URDG0	2H[SHQVHV DQG WKHLU
PDLQGULYLQJ IDFWRUV DVZHOO DVD VHWRIFRPPRQGHILQLWLRQV IRU WKHPDLQ WDVNEORFNVDQG WHPSODWHV WR
IDFLOLWDWHDQ\IXWXUHXSGDWHV
7KHIXOOUHSRUWPD\EHIRXQGDWWKHIROORZLQJZHEVLWH
KWWSZZZFHGUIUKRPHILOHDGPLQXVHUBXSORDG3XEOLFDWLRQVHB%(;35$&SGILQ(QJOLVK
KWWSZZZFHGUIUKRPHILOHDGPLQXVHUBXSORDG3XEOLFDWLRQVIB%(;35$&SGILQ)UHQFK

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI75$

.H\ZRUGV15$RSHUDWLRQPDLQWHQDQFHEHQFKPDUNFRVWVWDVNVURDGV

&RUUHVSRQGLQJDXWKRU
(PDLODGGUHVVPLFKHOHJJHU#FHGUIU
Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of the Programme Committee of the 
Transport Research Arena 2012 Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1734   Michel EGGER /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1733 – 1742 
,QWURGXFWLRQ±'HILQLWLRQRIWKHLVVXH
7ZRPDMRUIDFWRUVOHDGWRWKHODXQFKRIWKHSURMHFWFDOOHG%HQFKPDUNRI([SHQGLWXUHVDQG3UDFWLFHVRI
PDLQWHQDQFHDQGRSHUDWLRQ%(;35$&WKHQHHGIRUGDWDDQGWKHQHHGIRUEHQFKPDUNLQJ
D $OO RYHU WKH ZRUOG WKH GHFLVLRQ PDNHUV GHDOLQJ ZLWK LQIUDVWUXFWXUH QHHG GDWD LQIRUPDWLRQ DQG
DQDO\VLV WRGHYHORS WKHLU UHOHYDQWDQGYDOXDEOH WUDQVSRUWSROLFLHVDQGSURJUDPVIRU WKHLUFRXQWU\
7KHGDWD UHYHDOV KRZSHRSOH JRRGV DQG YHKLFOHVPRYH WKURXJK WKH V\VWHPDQG LWPHDVXUHV WKH
LPSDFWRIVRFLDOHFRQRPLFDQGHQYLURQPHQWDOIDFWRUVRQWKHV\VWHP¶VSHUIRUPDQFH7KHGDWDLVDW
WKH KHDUW RI FULWLFDO GHFLVLRQV WKDW DIIHFW WKH ZD\ RI OLIH LQ HDFK FRXQWU\ *URZLQJ SUHVVXUH WR
RSWLPLVH WKH PDLQWHQDQFH DQG RSHUDWLRQ RI URDG QHWZRUNV XQGHUOLQHV WKH QHHG IRU LQWHQVH
EHQFKPDUNLQJ
E 7KH TXHVW IRU JUHDWHU HFRQRPLF SHUIRUPDQFH LQ WKH FRQVWUXFWLRQPDLQWHQDQFH DQG RSHUDWLRQ RI
URDG QHWZRUNV LV D KLJK SULRULW\ LQ PRVW (XURSHDQ FRXQWULHV SDUWLFXODUO\ DV JRYHUQPHQWV DUH
LQFUHDVLQJO\FRQIURQWHGZLWKJURZLQJEXGJHWFRQVWUDLQWV
)RU FRXQWULHV ZLWK UHODWLYHO\ PDWXUH QHWZRUNV WKH PDLQ LVVXHV DUH URDG PDLQWHQDQFH DQG URDG
RSHUDWLRQGXHWRWKHIDFWWKDW
 WKHVHQHWZRUNVDUHUDWKHUROGDQGUHTXLUHPXFKPRUHPDLQWHQDQFH
 JURZWKRIWUDIILFDQGLQFUHDVHRIFRQJHVWLRQQHFHVVLWDWHWKHFRQVWDQWRSWLPLVDWLRQRIWKHQHWZRUNV

HIILFLHQF\
 VRFLDOUHTXLUHPHQWVDQGXVHUV
H[SHFWDWLRQVUHJDUGLQJVDIHW\DQGTXDOLW\RIVHUYLFHDUHFRQVWDQWO\
ULVLQJ
)RUWKHSROLWLFDODXWKRULWLHVWKH1DWLRQDOURDG$XWKRULWLHV15$VDUHXQGHULQFUHDVLQJSUHVVXUHWR
x MXVWLI\WKHEXGJHWVUHTXLUHG
x VWULNHDEDODQFHEHWZHHQKLJKOHYHOVRIVHUYLFHDQGWKHEXGJHWVDYDLODEOH
x RSWLPLVHH[SHQGLWXUHZKLOHFRPPLWWLQJWRLQFUHDVHVLQSURGXFWLYLW\
%HQFKPDUNLQJ
$Q\EHQFKPDUNLQJEHWZHHQQHWZRUNVFRQFHUQVFRPSOH[WRSLFV,QRUGHUWREHUHOHYDQWLWKDVWREH
FRQGXFWHGWKRURXJKO\DQGWRDUHODWLYHO\GHHSOHYHOLQRUGHUWR
 WDNHLQWRDFFRXQWWKHGLVWLQFWLYHSURILOHRIHDFKRSHUDWHGQHWZRUN
 FRYHUWKHUHDOZRUOGH[SHULHQFHLPSOHPHQWHGDWRSHUDWLRQDOOHYHO
 JXDUDQWHHWKHKRPRJHQHLW\DQGH[KDXVWLYHQHVVRIVFRSHVIRUH[WHUQDODQGLQWHUQDOFRVWVUHODWHGWR
PDLQWHQDQFHDQGRSHUDWLRQ
 FRQVLGHUWKDWDFFRXQWLQJUXOHVDQGSUDFWLFHVFDQGLIIHUVLJQLILFDQWO\IURPRQHQHWZRUNWRDQRWKHU
7RRSWLPLVHURDGQHWZRUNPDLQWHQDQFHDQGRSHUDWLRQWKHSDUWLFLSDWLQJ15$VVRXJKWWR
 REWDLQUHIHUHQFHVLQRUGHUWREHWWHUMXVWLI\EXGJHWDOORZDQFHV
 DVFHUWDLQPDLQWDLQDEOHOHYHOVRIVHUYLFHDQGSULRULWLVHUXOHVZLWKLQDJLYHQEXGJHW
 REWDLQUHIHUHQFHVLQRUGHUWRGHILQHSHUIRUPDQFHWDUJHWV
 LPSURYHSHUIRUPDQFHOHYHOVE\VKDULQJEHVWSUDFWLFHVHVSHFLDOO\UHJDUGLQJ
± WKHEHVWVSOLWEHWZHHQLQKRXVHZRUNDQGRXWVRXUFLQJ
± EHWWHUYDOXHIRUPRQH\IRURXWVRXUFHGZRUNWKURXJKDSSURSULDWHSXEOLFSURFXUHPHQWSROLFLHV
± EHWWHUYDOXHIRUPRQH\IRULQKRXVHZRUNWKURXJKPRGHUQPDQDJHPHQWDQGVXSHUYLVLRQPHWKRGV
1735 Michel EGGER /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1733 – 1742 
6FRSHRIWKHVWXG\
7KHIROORZLQJWDVNVZHUHFRQVLGHUHG
 URDGRSHUDWLRQSDWUROOLQJUHVFXHHPHUJHQF\DFWLRQVWHPSRUDU\PDUNLQJRXWIRUURDGZRUNV
 WUDIILFPDQDJHPHQWDQGLQIRUPDWLRQWRURDGXVHUV
 ZLQWHUVHUYLFH
 URXWLQHPDLQWHQDQFHRIURDGZD\VDQGVWUXFWXUHVWXQQHOVEULGJHVDQGZDOOV
 PDLQWHQDQFHRIHTXLSPHQWURDGPDUNLQJVURDGVLJQVDQGWUDIILFOLJKWVURDGOLJKWLQJDQG,76GHYLFHV
GUDLQDJHDSSOLDQFHVHWFDQGRIURDGVLGHILWWLQJVVHUYLFHDUHDVUHVWDUHDVVKRXOGHUVHWFDVZHOODV
YHJHWDWLRQPDLQWHQDQFH
 ODUJHUHSDLUVSUHYHQWLYHRUSHULRGLFPDLQWHQDQFHDQGUHKDELOLWDWLRQRIURDGZD\VDQGVWUXFWXUHV
 LPSURYHPHQWVUHJDUGLQJVDIHW\HQYLURQPHQWDQGVHUYLFHV
0HWKRGRORJ\
7KLVEHQFKPDUNVWXG\LQFOXGHGWZRPDLQPRGXOHV
$ $PDFURVFRSLFRUPDFURPRGXOHWRSGRZQDSSURDFKZKLFKVRXJKWWR
 FRPSDUHWKHRYHUDOOFRVWVRIRSHUDWLRQDQGPDLQWHQDQFHLQWKHSDUWLFLSDWLQJ15$VIRUHDFKFRQVLGHUHG
QHWZRUNDVDZKROHLQFOXGLQJGHSHQGLQJRQGDWDDYDLODELOLW\DEUHDNGRZQRIFKDUJHVSHUODUJHWDVN
EORFNVHJURXWLQHPDLQWHQDQFHURXWLQHRSHUDWLRQZLQWHUVHUYLFHWUDIILFPDQDJHPHQWODUJHUHSDLUV
DQGLPSURYHPHQWZRUNV
 H[SODLQVRPHRIWKHGLIIHUHQFHVE\FRPSDULQJWKHGLVWLQFWLYHSURILOHVRIWKHQHWZRUNVE\DSSO\LQJWKH
VDPHSHUWLQHQWVHJPHQWDWLRQIRUHDFKQHWZRUNDQGDQDO\VLQJFRVWVHQVLWLYLW\WRQHWZRUNSURILOHVDQG
WKHRYHUDOOOHYHOVRIVHUYLFHSURYLGHG
% $PLFURVFRSLFRUPLFURPRGXOHERWWRPXSDSSURDFKZKLFKVRXJKWWR
 FRPSDUHDFWXDOSHUIRUPDQFHOHYHOVRQDOLPLWHGUDQJHRIVPDOOVFDOHVXEVHWVLQVRPHRIWKHFRXQWULHV
 LGHQWLI\WKHEHVWILHOGSUDFWLFHVLQURDGPDLQWHQDQFHDQGRSHUDWLRQRQWKHEDVLVRIWKHVDPH
REVHUYDWLRQV
)RUHDFKFRXQWU\WKLVPRGXOHZDVEDVHGRQ
 DVSHFLDO
URDGVVHOHFWLRQ
ZKLFKPHDQVDQDUELWUDU\VHOHFWLRQRIURDGVXEVHWVHLWKHUDFKRLFHRI
VSHFLILFLWLQHUDULHVRUWKHQHWZRUNVDGPLQLVWHUHGE\DFKRLFHRIILHOGXQLWVRUDFKRLFHRIFRQWUDFWRU
PDQDJHGORFDOQHWZRUNV
 DSHUWLQHQWVHJPHQWDWLRQRIHDFKFRXQWU\
VVHOHFWLRQEDVHGRQQHWZRUNSURILOHVLQRUGHUWRFRPSDUH
FRPSDUDEOHHQWLWLHV
%RWKPRGXOHVFRPSOHPHQWHGHDFKRWKHUWKURXJKDUHILQHGFRPSDULVRQRISUDFWLFHVWKHPLFURPRGXOH
SURYLGHG D FODULILFDWLRQ DQG H[SODQDWLRQRI WKHGLIIHUHQFHV UHYHDOHG DWPDFUR OHYHO7KHPDFURPRGXOH
SURYLGHG D FRPSUHKHQVLYH DQG VWUXFWXUHG UHIHUHQFH IUDPHZRUN JURXQG UXOHV DQG OHVVRQV OHDUQW VHOI
HYLGHQW IDFWVDQGSURYHQVWDWHPHQWVZKLFKFRXOGKHOSHDFK15$WRGUDZXSLWVRZQVWUDWHJ\RUSROLF\
DQGSRVVLEO\IDFLOLWDWHEXGJHWQHJRWLDWLRQV
5HIHUHQFH\HDU
$OWKRXJKRWKHUZLVHVSHFLILHGIRUVRPHH[FHSWLRQVDOOVWDWLVWLFVDQGDFFRXQWLQJGDWDWREHFROOHFWHGDQG
SURFHVVHGUHODWHGWRWKHILVFDO\HDURQO\
2QO\VRPHLWHPVZKRVHFRVWVIOXFWXDWHGZLGHO\UHTXLUHG
DQ DYHUDJHYDOXHRYHU WKH ODVW ILYH \HDUV ±7KLV YDOXHZDV WKHQ FDOFXODWHG DQGXVHG DV WKH
YDOXHIRU
1736   Michel EGGER /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1733 – 1742 
0DFURPRGXOH
0DLQVWHSV
7KHPDLQVWHSVLQYROYHGLQWKLVVWXG\ZHUH
L 'DWDFROOHFWLRQ
 QHWZRUNFKDUDFWHULVWLFVOHQJWKFURVVVHFWLRQVEULGJHVWXQQHOVUDPSVFOLPDWH]RQH
 QHWZRUNFRQGLWLRQSDYHPHQWVDQGVWUXFWXUHV
 QHWZRUNXVHWUDIILFSURSRUWLRQRI+*9VSRVVLEOHLQGLFDWRUVRIOHYHORIVHUYLFH
 H[SHQVHVDQGFRVWVIRUPDLQWHQDQFHDQGRSHUDWLRQZKHUHQHFHVVDU\FRQYHUWHGLQWR¼DQGWKHLU
EUHDNGRZQE\WDVNEORFN
LL &DOFXODWLRQRIQRUPDWLYHH[SHQGLWXUHUDWLRVJOREDOO\DQGE\WDVNEORFN
 SHUQHWZRUNNLORPHWHU
 SHU[ODQHHTXLYDOHQWNLORPHWHU/HTNPQREHWWHUZHLJKWZDVIRXQG
 SHUZHLJKWHGGULYHQNLORPHWHU:'.PLHWUXFNRYHUPHWULFWRQV OLJKWYHKLFOHVQR
EHWWHUZHLJKWZDVDYDLODEOH
 LQDGGLWLRQWRWKHVHUDWLRVRWKHUVFRXOGEHFDOFXODWHGLIUHOHYDQW
LLL &RPSDULVRQ DQG GLVFXVVLRQ RI H[SODLQLQJ IDFWRUV IRU WKH GLIIHUHQFHV EHWZHHQ FRXQWULHV DQG
QHWZRUNV
7KHQHWZRUNVLQWKHPDFURVXUYH\
7KHQHWZRUNVRI WKH IROORZLQJFRXQWULHVRUSDUWV WKHUHRIZHUH LQFOXGHG LQ WKH VXUYH\$XVWULD $7
%HOJLXP)ODQGHUV )/'HQPDUN'.(QJODQG8.)UDQFH)5+XQJDU\+8 ,UHODQG,( ,WDO\
,7 WKH 1HWKHUODQGV 1/ 3RUWXJDO 37 6SDLQ (6 6ZHGHQ 6( DQG 6ZLW]HUODQG &+ 7KHVH
WKLUWHHQFRXQWULHVGHILQHGDOORUSDUWRIWKHLUWUXQNURDGQHWZRUNVIRUWKLVVXUYH\
7KHVXUYH\LQFOXGHVQHDUO\URXWHNPRIWUXQNURDGVZLWKDQDYHUDJH$$'7RIRYHU
YHKLFOHVDQGDQDYHUDJHSURSRUWLRQRI+*9$OPRVWKDOIRI WKHVXUYH\QHWZRUN LVVLWXDWHG LQ WZR
FRXQWULHV6SDLQ(6DQG,WDO\,7

Ϭ͕ϬϬ
Ϭ͕ϮϬ
Ϭ͕ϰϬ
Ϭ͕ϲϬ
Ϭ͕ϴϬ
ϭ͕ϬϬ
ϭ͕ϮϬ
ϭ͕ϰϬ
Ϭ
ϮϬϬϬ
ϰϬϬϬ
ϲϬϬϬ
ϴϬϬϬ
ϭϬϬϬϬ
ϭϮϬϬϬ
ϭϰϬϬϬ
ϭϲϬϬϬ
ϭϴϬϬϬ
d , < ^ &> &Z ,h / /d E> Wd ^ h<
Ƌ
Ƶŝǀ
ĂůĞ
ŶĐ
Ğ
ƌĂ
ƚŝŽ
Ɛ
>Ğ
ŶŐ
ƚŚ

Ŭ
ŵ
ƐŝŶŐůĞ ĚƵĂů ĚƵĂůн ƵĂůĞƋƵŝǀĂůĞŶƚůĞŶŐƚŚ;ϰ>ĞƋͿ

)LJXUH±1HWZRUN&KDUDFWHULVWLFV

1737 Michel EGGER /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1733 – 1742 
7KHUDWLRVEHWZHHQWKHQHWZRUNOHQJWKVLQWHUPVRIURXWHNPDQGGXDOOHTNPUHIOHFWWKHGLIIHUHQFHVLQ
QHWZRUNFRQILJXUDWLRQ7KHUDWLRLVKLJKDERYHIRUWKHVXUYH\QHWZRUNVRI)/8.$71/&+DQG
37LQGLFDWLQJWKDWWKHVHVXUYH\QHWZRUNVSUHGRPLQDQWO\FRQWDLQURDGVZLWKRUPRUHODQHVLH[RU
ZLGHU 7KH UDWLR LV ORZ XS WR  IRU +8 ,( DQG ,7 LQGLFDWLQJ WKDW WKHVH VXUYH\ QHWZRUNV
SUHGRPLQDQWO\FRQVLVWRIWZRODQHURDGV
8VHRIWKHQHWZRUNV
7KHKLJKHVWLQWHQVLWLHVRIQHWZRUNXVHLQWHUPVRIDYHUDJH$$'7DUHIRXQGLQ)/1/8.$7DQG
&+  WR  YHKLFOHV SHU GD\ZKLOH ORZHVW QHWZRUN XVH LQWHQVLWLHV DUH IRXQG LQ ,7 DQG6(
EHORZYHKLFOHVSHUGD\ IROORZHGE\'.(6+8 ,(DQG37  WRYHKLFOHVSHU
GD\)5LVFORVHWRWKHDYHUDJH
:KHQWUDIILFLQWHQVLWLHVDUHH[SUHVVHGLQZHLJKWHGYHKLFOHNPRQWKHVWDQGDUGEDVLVRI+*9 
OLJKWYHKLFOHVWKHGLIIHUHQFHLQWKHOHYHORIXVHEHWZHHQQHWZRUNVLVHYHQFOHDUHUWUDIILFRQWKHVXUYH\
QHWZRUN LQ )/ 1/ 8. &+ DQG $7 LV RQ DYHUDJH VLJQLILFDQWO\ KHDYLHU WKDQ LQ WKH RWKHU FRXQWLHV
LQFOXGHGLQWKLVVXUYH\
,QWHUFKDQJHVSDUDOOHOURDGVUDPSVHWFDGGDQRWKHUWRWKHQHWZRUNLQWKHFDVHRI$7LQ8.
DQG±LQPRVWRWKHUFRXQWULHV7KLVKDVRIFRXUVHDGLUHFWLPSDFWRQRSHUDWLQJH[SHQVHV
&RPSOH[LW\RIWKHQHWZRUNV
7KHUHDUH VLJQLILFDQWGLIIHUHQFHV LQ WHUPVRI WKHFRPSOH[LW\RI WKH VXUYH\QHWZRUNV7KHPRVWREYLRXV
GLIIHUHQFHLV LQWKHH[LVWHQFHRIEULGJHVDQGWXQQHOVRQWKHQHWZRUN,QWKHFDVHRI$7DQG&+EULGJHV
DQGWXQQHOVPDNHXSDQGUHVSHFWLYHO\RIWKHQHWZRUNOHQJWKZKLOVWLQ+8DQG,(WKHVKDUHLV
RQO\

Ϭ͕Ϭй
Ϯ͕Ϭй
ϰ͕Ϭй
ϲ͕Ϭй
ϴ͕Ϭй
ϭϬ͕Ϭй
ϭϮ͕Ϭй
ϭϰ͕Ϭй
ϭϲ͕Ϭй
ϭϴ͕Ϭй
d , < ^ &> &Z ,h / /d E> Wd ^ h<
ůĞŶ
ŐƚŚ
й
ŽĨ
ƚŽ
ƚĂů
ŶĞ
ƚǁ
Žƌ
Ŭ
ďƌŝĚŐĞƐ;йͿ ƚƵŶŶĞůƐ;йͿ ĂĚĚůĞŶŐƚŚƌĂŵƉƐ;йͿ

)LJXUH±1HWZRUNFRPSOH[LW\

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5RDGPDLQWHQDQFHDQGRSHUDWLRQVH[SHQVHVE\WDVNEORFN
7DEOH±([SHQVHVE\WDVNEORFNVSHUOHTNPLQ¼

7DVNEORFN $7 &+ '. (6 )/ )5 +8 ,( ,7 1/ 37 6( 8.
7UDIILFPDQDJHPHQW             
5RXWLQHRSHUDWLRQ             
:LQWHUVHUYLFH             
5RXWLQHPDLQWHQDQFHRI
URDGZD\VVWUXFWXUHV
DQGURDGVLGHILWWLQJV
            
0DLQWHQDQFHRIURDG
VLJQVDQGPDUNLQJ             
0DLQWHQDQFHRIUHVWUDLQWV
DQGVDIHW\HTXLSPHQW             
3UHYHQWLYHPDLQWHQDQFH
DQGUHKDELOLWDWLRQ             
*UDQG7RWDO             
LQFOXGHGLQURXWLQHPDLQWHQDQFH
&RQFOXVLRQVIURPWKHPDFURPRGXOH
7KHIROORZLQJFRQFOXVLRQVFDQEHGUDZQIURPWKHPDFURPRGXOHRIWKH%(;35$&VXUYH\
 ,WZDVGLIILFXOWWRFROOHFWLQIRUPDWLRQRQURDGPDLQWHQDQFHDQGRSHUDWLRQH[SHQVHVLQDZD\WKDW
DOORZHGIRUFRPSDULVRQVEHWZHHQFRXQWULHV'HVSLWHWKHDSSOLFDWLRQRIVWULFWGHILQLWLRQVRIH[SHQVHV
DQGURDGPDLQWHQDQFHDQGRSHUDWLRQWDVNVWKHGLIIHUHQFHVLQWKHGDWDFROOHFWHGSURKLELWFOHDU
FRQFOXVLRQVRQHIILFLHQF\OHYHOV1HYHUWKHOHVVWKHVXUYH\JLYHVVRPHLQGLFDWLRQVRIWKHUHDVRQVIRU
GLIIHUHQFHVEHWZHHQWKHFRXQWULHVSDUWLFLSDWLQJLQWKHVXUYH\
 ([SHQVHVIRUURDGPDLQWHQDQFHDQGRSHUDWLRQRIWKHWUXQNURDGQHWZRUNGLIIHUFRQVLGHUDEO\EHWZHHQ
WKHFRXQWULHVWKHVDPHLVWUXHZKHQGLIIHUHQFHVLQQHWZRUNFRQILJXUDWLRQDUHWDNHQLQWRDFFRXQW$V
FRXQWULHVZLWKDKLJKOHYHORIPRWRUZD\RQWKHVXUYH\QHWZRUN$7&+)/1/DQG8.VKRZ
KLJKHVWH[SHQVHOHYHOVSHUOHTNPPDLQWHQDQFHDQGRSHUDWLRQH[SHQVHVPD\LQFUHDVHPRUHWKDQ
SURSRUWLRQDOO\ZLWKWKHURDGZLGWK
 ,QVRPHFDVHVLQ)/1/8.DQGWRDOHVVHUH[WHQWLQ$7DQG&+KLJKWUDIILFOHYHOVPD\FRQWULEXWH
WRWKHOHYHORIH[SHQVHV,QPRVWRWKHUFRXQWULHVWKHOHYHORIH[SHQVHVVKRZVOLWWOHRUQRUHODWLRQWR
WUDIILFLQGLFDWLQJWKDWH[SHQVHVWHQGWREHPRUHUHODWHGWRWKHDYDLODELOLW\RIWKHQHWZRUNUDWKHUWKDQWR
WUDIILF
7KH GLIIHUHQFH LQ RYHUDOO H[SHQVHV LV SDUWLFXODUO\ GXH WR GLIIHUHQFHV LQ H[SHQVHV IRU SUHYHQWLYH
PDLQWHQDQFHDQG UHKDELOLWDWLRQDQGURXWLQHRSHUDWLRQV&RXQWULHVZLWKKLJKRYHUDOO H[SHQVHVJHQHUDOO\
VKRZKLJKH[SHQVHOHYHOVIRUWKHVHWZRWDVNEORFNVZKLOHFRXQWULHVZLWKORZRYHUDOOH[SHQVHVVKRZORZ
H[SHQVHOHYHOVIRUWKHVHWDVNEORFNV
([SHQVHV IRU WUDIILF PDQDJHPHQW ZLQWHU PDLQWHQDQFH PDLQWHQDQFH RI VLJQV DQG PDUNLQJV DQG
PDLQWHQDQFHRIVDIHW\GHYLFHVDUHJHQHUDOO\ORZDQGDWFRPSDUDEOHOHYHOVLQWKHFRXQWULHV
$WWKHRYHUDOOOHYHORIDOOWDVNEORFNH[SHQVHVWKHGLIIHUHQFHVFDQSDUWO\EHDWWULEXWHGWR
x 'LIIHUHQFHVLQWKHQHWZRUNFRQILJXUDWLRQ
x 7KHGLIIHUHQFHLQWUDIILFOHYHOVRQWKHQHWZRUNKLJKHVWLQ$7&+)/1/DQG8.ORZLQPRVWRWKHU
FRXQWULHV


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 GLIIHUHQFHVLQWKHFRPSOH[LW\RIWKHQHWZRUNUHIOHFWHGE\WKHSHUFHQWDJHRIVWUXFWXUHVVXFKDVWXQQHOV
DQGEULGJHVRQWKHQHWZRUNPDQ\LQ$7&+IHZLQ+8,(6(
 WKHFRPSOH[LW\RIWKHQHWZRUNUHIOHFWHGE\WKHKLJKQXPEHURILQWHUFKDQJHVLQVRPHFRXQWULHV$7
8.DQGWKHORZQXPEHURILQWHUFKDQJHVLQRWKHUV,(,76(
 DQHHGIRUPDLQWHQDQFHRIDJLQJEULGJHVDQGWXQQHOVLQ1/
 WKHVHUYLFHOHYHOSURYLGHGWRXVHUVLQSDUWLFXODULQ&+KLJKOHYHODQG,(37ORZOHYHO
 WKHGLIIHUHQFHLQWKHFRVWRIOLYLQJIURPFRXQWU\WRFRXQWU\ZLWKDERYHDYHUDJHSULFHOHYHOVLQ$7&+
DQG1/DQGDORZHUWKDQDYHUDJHSULFHOHYHOLQ+8
0DFURPRGXOH
0DLQVWHSV
7KHPDLQVWHSVLQYROYHGLQWKLVVWXG\ZHUH
 WRFRPSDUHWDVNEORFNVLQHDFKRIWKHFRQVLGHUHGFDVHV
 WRFROOHFWGDWDWKURXJKTXHVWLRQQDLUHVDQGFODULI\TXHVWLRQVLQPHHWLQJVZLWKWKHILHOGPDQDJHUVLQ
SDUWLFXODUUHJDUGLQJ
¾ QHWZRUNFKDUDFWHULVWLFVRIWKHVXEVHWVXQGHUUHYLHZ
¾ DYDLODEOHHOHPHQWVRQWKHOHYHOVRIVHUYLFH
¾ DYDLODEOHGDWDQHFHVVDU\WRFRPSXWHPDLQWHQDQFHDQGRSHUDWLRQFKDUJHVRIWKHVXEVHW
¾ FRPSOHPHQWDU\LQIRUPDWLRQRQRUJDQLVDWLRQDQGSUDFWLFHVSHUIRUPDQFHWDUJHWVDVVHWPDQDJHPHQW
V\VWHPVRUJDQLVDWLRQRXWFRQWUDFWLQJHWF
 WRFDOFXODWHUDWLRVDQGWRSHUIRUPDFRPSDUDWLYHDQDO\VLVDFURVVWKHVHOHFWHGVXEVHWVDQGDFURVVWKH
GLIIHUHQWFRXQWULHV
 WRRXWOLQHJRRGSUDFWLFHVLQPDLQWHQDQFHDQGRSHUDWLRQDVKLJKOLJKWHGE\WKHFRXQWULHV
7KHURDGVLQWKHPLFURVXUYH\
7KHVHYHQFDVHVFKRVHQUHODWHWRGLIIHUHQWW\SHVRIURDGVRUFURVVVHFWLRQVUDQJLQJIURPD
KHDYLO\XVHGXUEDQURDGODQHVRUPRUHWRDTXLHWWZRODQHUXUDOURDG
7KHVWXG\FRYHUVURDGVHFWLRQVGLVWULEXWHGRYHUWKHVHYHQFDVHV:LWKWKHH[FHSWLRQRIFDVHV
DQGWKUHHVHFWLRQVHDFKWKHFDVHVFRQWDLQIRXURUPRUHURDGVHFWLRQVGLVWULEXWHGDFFRUGLQJWRWKH
IROORZLQJWDEOH
7DEOH±7KHFDVHVFKRVHQIRUWKHPLFURPRGXOH

&DVH 6LWH /DQHV $'7 0DLQ
WFH
$7 &+ '. (6 )/ )5 +8 ,( ,7 1/ 37 6( 8. $//
 8  !  3 3  3 3 3 3   3   3 
 5  ! 1LJKW     3       3 3 
 5  ! 'D\ 3 3   3  3      3 
 5       33     3 3  3 3 
 0  $OO  3   3  3   3     
 5  !     3  3 3  3 3  3 3 
 5       3   3     3  
                  
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FDVH FDVH FDVH FDVH FDVH FDVH FDVH
3UHYHQWLYHPDLQWHQDQFHDQGUHKDELOLWDWLRQ
0DLQWHQDQFHRIURDGVLJQVPDUNLQJVDQGVDIHW\HTXLSPHQW
5RXWLQHPDLQWHQDQFHRIURDGZD\VVWUXFWXUHVDQG
URDGVLGHILWWLQJV
:LQWHUVHUYLFH
5RXWLQHRSHUDWLRQVDQGWUDIILFPDQDJHPHQW

 














FDVH FDVH FDVH FDVH FDVH FDVH FDVH
¼OHNPSHUZHLJKWHG$$'7[
3UHYHQWLYHPDLQWHQDQFHDQGUHKDELOLWDWLRQ
0DLQWHQDQFHRIURDGVLJQVPDUNLQJVDQGVDIHW\
HTXLSPHQW
5RXWLQHPDLQWHQDQFHRIURDGZD\VVWUXFWXUHVDQG
URDGVLGHILWWLQJV
:LQWHUVHUYLFH
5RXWLQHRSHUDWLRQVDQGWUDIILFPDQDJHPHQW
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&RQFOXVLRQVIURPWKHPLFURPRGXOH
7KHIROORZLQJFRQFOXVLRQVFDQEHGUDZQIURPWKHPLFURPRGXOH
 ([SHQVHV IRU D EXV\ XUEDQ URDGZLWK  ODQHV RUPRUH DUH VXEVWDQWLDOO\ KLJKHU SHU NLORPHWUH WKDQ
WKRVHIRUDODQHRUODQHURDGHYHQLIWKHGLIIHUHQFHLQWKHQXPEHURIODQHVLVWDNHQLQWRDFFRXQW
([SHQVHV IRU D TXLHW ODQH URDG DJDLQ FRUUHFWHG IRU WKHQXPEHURI ODQHV DUH ORZHUSHU NLORPHWUH
7KLVLQGLFDWHVWKDWWKHH[SHQVHVLQFUHDVHPRUHWKDQSURSRUWLRQDOO\ZLWKWKHQXPEHURIODQHV
 ([SHQVH OHYHOV IRU D ODQH URDG GR QRW DSSHDU WR EH DIIHFWHG E\ WKH OHYHO RI WUDIILF )RU VRPH
FRXQWULHV DFRPSDULVRQRI WKHFDVHV VKRZV WKDW WKH URDGVZLWK QLJKWWLPHPDLQWHQDQFHKDYHKLJKHU
H[SHQVH OHYHOV WKDQ WKRVHZLWK GD\WLPHPDLQWHQDQFH WKLV GLIIHUHQFH GRHV QRW DSSHDU DW FDVH OHYHO
EHFDXVH RI WKH VHOHFWHG VHFWLRQV 6LPLODUO\ DW FRXQWU\ OHYHO PRXQWDLQ URDGV VKRZ KLJKHU H[SHQVH
OHYHOVWKDQURDGVLQIODWWHUUDLQZKHUHDVWKLVGLIIHUHQFHGRHVQRWDSSHDUDWFDVHOHYHO
 7KH EUHDNGRZQ RI DQQXDO H[SHQVHV IRU URDG 0	2 GLIIHUV EHWZHHQ WKH URDG W\SHV ([SHQVHV IRU
URXWLQHRSHUDWLRQDQGWUDIILFPDQDJHPHQWFOHDUO\LQFUHDVHZLWKWUDIILFOHYHOVH[SHQVHVIRUSUHYHQWLYH
PDLQWHQDQFHDQGUHKDELOLWDWLRQFOHDUO\LQFUHDVHZLWKWKHFRPSOH[LW\RIWKHURDGLQSDUWLFXODUZLWKWKH
SHUFHQWDJHRIWXQQHOVDQGEULGJHV7KHODWWHUW\SHVRIH[SHQVHVDUHLQDOOFDVHVWKHODUJHVWFRPSRQHQW
RIWKHWRWDOH[SHQVHVZLWKWKHH[FHSWLRQRIPRXQWDLQURDGV
 'HVSLWH WKHKLJKHU H[SHQVH OHYHOV SHU QHWZRUNNLORPHWUH FRPSOH[ DQGEXV\ URDGV DUH FOHDUO\PRUH
HIILFLHQWLQWHUPVRIFRVWSHUGULYHQYHKLFOHNP7KHKLJKHUH[SHQVHVSHUQHWZRUNNPFDQEHDPSO\
MXVWLILHGE\WKHHFRQRPLFEHQHILWVWRWKHXVHUV
 ,WDSSHDUVGLIILFXOWWRUHODWHGLIIHUHQFHVLQH[SHQVHOHYHOVEHWZHHQFRXQWULHVWRGLIIHUHQFHVLQWKHOHYHOV
RI VHUYLFH SURYLGHG :KLOH VXFK GLIIHUHQFHV DSSHDUHG UHOHYDQW WR H[SHQVH OHYHOV IRU WUDIILF
PDQDJHPHQW	RSHUDWLRQ FRYHUDJHRI QHWZRUNE\ WUDIILFPDQDJHPHQW FHQWUHV W\SHRI LQIRUPDWLRQ
SURYLGHGVHUYLFHOHYHOLQLQFLGHQWPDQDJHPHQWIUHTXHQF\RISDWUROVLQVSHFWLRQVHWFIRURWKHUWDVN
EORFNVVXFKUHODWLRQVEHWZHHQOHYHORIVHUYLFHDQGH[SHQVHVDSSHDUOHVVSURQRXQFHG
 ,WLVGLIILFXOWWRDVVHVVWKHLPSDFWRIGLIIHUHQFHVLQWKHRUJDQLVDWLRQRIPDLQWHQDQFHDQGRSHUDWLRQWDVNV
RQH[SHQVHOHYHOV$VPRVWFRXQWULHVKDYHRXWVRXUFHGPRVWRIWKHZRUNGLIIHUHQFHVLQVXFKSUDFWLFHV
PD\LQIOXHQFHFRVWOHYHOVOHVVWKDQDQWLFLSDWHGZKHQVHWWLQJXSWKHEHQFKPDUN
 7KH GLIIHUHQFHV LQ GHILQLWLRQV DQG DFFRXQWLQJ V\VWHPV PDLQWDLQHG E\ 15$V DSSHDU GLIILFXOW WR
RYHUFRPH7KLVDIIHFWV WKHFRPSDULVRQVPDGHEHWZHHQFRXQWULHV$PRUHXQLIRUPZD\RI UHFRUGLQJ
GDWDDFURVVFRXQWULHVZRXOGLQFUHDVHWKHLQVLJKWSURYLGHGE\IXWXUHEHQFKPDUNVWXGLHV
2YHUDOOFRQFOXVLRQV
%(;35$& ZDV WKH ILUVW HYHU EHQFKPDUN RI URDG PDLQWHQDQFH DQG RSHUDWLRQ FRVWV XQGHUWDNHQ DW
(XURSHDQOHYHO0DQ\DWWKHWLPHIHOWWKDWLWZDVLPSRVVLEOHWRFRPSDUHFRVWVIRUWKHQHWZRUNVDQGOLVWHGD
QXPEHURIUHDVRQVWRXQGHUOLQHWKHLUSRLQWRIYLHZ

1HYHUWKHOHVVLWFDQQRZEHVDLGWKDWGHVSLWHDOOWKHGLIILFXOWLHVHQFRXQWHUHGWKH%(;35$&VWXG\KDV
PHWQHDUO\DOORILWVREMHFWLYHVZKLFKZHUH
 WRREWDLQUHIHUHQFHVLQRUGHUWREHWWHUMXVWLI\EXGJHWDOORZDQFHV
 WRDVFHUWDLQPDLQWDLQDEOHOHYHOVRIVHUYLFHDQGSULRULWLVHUXOHVZLWKLQDJLYHQEXGJHW
 WRREWDLQUHIHUHQFHVLQRUGHUWRGHILQHSHUIRUPDQFHWDUJHWV
 WRLPSURYHSHUIRUPDQFHOHYHOVE\VKDULQJEHVWSUDFWLFHV

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(YHQWKRXJKPRVWRIWKH%(;35$&REMHFWLYHVKDYHEHHQPHWVRPHTXHVWLRQVFRXOGQRWEHDQVZHUHG
FRPSOHWHO\GXHWRWKHPHWKRGRORJ\XVHGDQGLQVXUPRXQWDEOHGLIIHUHQFHVLQWDVNGHILQLWLRQVSUDFWLFHVDQG
DFFRXQWLQJPHWKRGVLQWKHSDUWLFLSDWLQJFRXQWULHV
7KHFROOHFWLRQRIGDWDLQWKHFRXQWULHVDQGWKHLUV\QWKHVLVFRQVWLWXWHGWKHEDFNERQHRIWKH%(;35$&
ZRUN 7KH UHVXOWV DUH QRZ DYDLODEOH WR DOO &('5 PHPEHUV LQ WKH IRUP RI D ZHDOWK RI ILJXUHV DQG
SURFHGXUHVIURPZKLFKHDFKFRXQWU\FDQFKRRVH
7KH FRQFOXVLRQ RI WKH %(;35$& VWXG\ FRQVWLWXWHV D ILUVW VWHS LQ WKH EHQFKPDUNLQJ SURFHVV DW
(XURSHDQOHYHO7RHQVXUHWKDWWKHZRUNGRQHDQGWKHUHVXOWVREWDLQHGDUHQRWIRUJRWWHQLQWKHQHDUIXWXUH
DQGWRHQVXUHWKDWDUHWXUQRQLQYHVWPHQWLVJXDUDQWHHGWKHPHPEHUVRI:*%(;35$&DQDO\VHGWKHEHVW
ZD\ WR EULQJ%(;35$& IRUZDUG7KH\ DQDO\VHG WKUHH GLIIHUHQW VFHQDULRV DQG FRQFOXGHG WKDW WKH EHVW
VROXWLRQ ZRXOG EH WR LQWHJUDWH WKH UHVXOWV DQG OHVVRQV OHDUQW GXULQJ %(;35$& LQWR WKH PRUH JHQHUDO
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